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Abstract
Searches for charged and neutral Higgs bosons in the context of the Minimal Supersymmetric Standard Model
(MSSM) and in the context of the Next–to–Minimal Supersymmetric Standard Model (NMSSM) are presented. The
analyses are based on proton–proton collision data recorded by the CMS experiment at
√
s = 7 TeV and
√
s = 8 TeV
center–of–mass energy in 2011 and 2012, respectively, corresponding to integrated luminosities of up to 4.9 fb−1
and 20.7 fb−1. No evidence for further Higgs bosons in addition to the discovered SM–like Higgs boson of mass
≈ 125 GeV is found and stringent exclusion limits are derived.
1. Introduction
A Higgs boson of mass ≈ 125 GeV has been discov-
ered at the LHC [1, 2]. The measured spin, branching–
fractions and CP quantum numbers of the new boson
are compatible with the standard model (SM) predic-
tions 1. Besides being “the” Higgs boson predicted by
the SM, the discovered boson may as well be one of
multiple Higgs bosons, which are predicted to exist in
supersymmetric theories.
The Minimal Supersymmetric Standard Model
(MSSM) contains two Higgs doublet ﬁelds, giving rise
to ﬁve physical Higgs boson states, of which two are
charged (H+, H−) and three are neutral: the light and
heavy scalars h and H plus the pseudo–scalar A. The
mass of the light scalar Higgs boson is bound to be be-
low the Z mass a tree level in the MSSM, but can reach
up to O(135 GeV) via radiative corrections. In order
to achieve mh = 125 GeV, sizeable radiative corrections
are required, necessitating a large stop mass and/or mix-
ing [3].
The need for ﬁne–tuning of the radiative correc-
tions is reduced in the Next–to–Minimal Supersymmet-
1See proceedings of this conference for latest results.
ric StandardModel (NMSSM). The presence of an addi-
tional complex singlet ﬁeld allows to achieve a mass of
125 GeV for the lightest scalar Higgs boson with mod-
erate radiative corrections, by means of mixing between
the Higgs doublet and singlet ﬁelds [4]. The NMSSM
predicts the existence of ﬁve neutral (three scalars h1,
h2, h3 plus two pseudo–scalars a1 and a2) plus two
charged Higgs bosons (H+, H−).
A search for charged and neutral MSSM Higgs
bosons and for light scalar NMSSM Higgs bosons is
presented. The searches are based on integrated lu-
minosities of up to 4.9 fb−1 plus 20.7 fb−1, recorded
by the CMS experiment in proton–proton collisions at√
s = 7 TeV and
√
s = 8 TeV center–of–mass energy in
2011 and 2012, respectively.
2. Search for light neutral NMSSM Higgs bosons
A search for light NMSSM Higgs bosons a in the
mass range 0.25 < ma < 3.55 GeV (below twice the
tau mass) is performed in the channel where a pair of
a bosons decays to four muons [5]. The light NMSSM
Higgs bosons may for example be produced via the de-
cay of a scalar Higgs boson h, as illustrated in Fig. 1.
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The analysis is not restricted to a speciﬁc model, how-
ever, and the results of the search are applicable to a
broad spectrum of new physics scenarios. The search is
based on 20.7 fb−1 of data collected at
√
s = 8 TeV.
Figure 1: Production on a pair of light NMSSM Higgs bosons a via
decay of a scalar Higgs boson h with subsequent decay of the pair of
a bosons to four muons.
Events are selected by requiring the presence of two
pairs of muons. The muons considered for the pairs are
required to pass PT > 8 GeV and |η| < 0.9. Each pair
is required to contain two muons of opposite charge and
mass mμμ < 3.55 GeV. At least one of the muons is re-
quired to satisfy PT > 17 GeV, in order to trigger the
event. All four muons need to be compatible with orig-
inating from a common vertex. The muons are required
to be isolated with respect to charged particles originat-
ing from this vertex. The second (ﬁrst) muon belonging
to the pair is excluded when computing the isolation of
the ﬁrst (second) muon. The masses of both muon pairs
are further required to be compatible within the experi-
mental resolution.
The main backgrounds to this analysis are due to bb¯
decays to muons and to direct production of J/Ψ pairs.
The backgrounds are estimated from data, using events
in which the two muon pairs have diﬀerent masses (cf.
Fig. 2 left).
One event is observed in the signal region (cf. Fig. 2
right), compatible with the background expectation,
amounting to 3.8 ± 2.1 events.
In the absence of evidence for a signal, stringent lim-
its on cross–section times branching ratio, σ(pp →
2a) · B2(a → 2μ), are set. The 95% conﬁdence level
(CL) limit is shown in Fig. 3.
3. Search for charged MSSM Higgs bosons
A search for charged Higgs bosons is performed in
the mass range mH+ < mt − mb. The charged Higgs
bosons in signal events are produced via decays of top
]2c [GeV/
1a
m
0 0.5 1 1.5 2 2.5 3 3.5 4
 [f
b]
ge
n
α
)μ
 2
 
→
(a2
 2
a)
 B
→
(p
p
σ 0
0.1
0.2
0.3
0.4
0.5
Model independent 95% CL upper limit
-1 = 20.65 fbint = 8 TeV   LsCMS Prelim. 2012
Figure 3: 95% CL upper limit on cross–section times branching ratio
times appectance. The acceptance, αgen, corresponds to the proba-
bility for signal events to contain four muons of PT > 8 GeV and
|η| < 0.9, with at least one of muon satisfying PT > 17 GeV, on gen-
erator level. Quoting the limit in terms of αgen allows to interpret the
results of the search in diﬀerent physics models, requiring only the
recalculating of the acceptance speciﬁc to that model.
quarks, t → H+b, in pp → tt¯ events. The decay
channel considered in the search is tt¯ → H+bW−b →
cs¯b μνb [6]. The decay of charged Higgs bosons to cs¯
is sensitive in particular to low values of tan β, deﬁned
as the ratio of vacuum expectation values of the two
Higgs doublet ﬁelds. The search is based on a dataset
corresponding to an integrated luminosity of 19.7 fb−1,
recorded at
√
s = 8 TeV center–of–mass energy.
The events are selected by requiring the presence of
at least four jets of PT > 30 GeV and |η| < 2.4, a well
identiﬁed and isolated muon of PT > 25 GeV and |η| <
2.1 plus missing transverse energy, E/T > 20 GeV. At
least two of the jets are required to pass b–tag criteria.
The events are triggered on the presence of the isolated
muon. Events containing further electrons or muons of
Figure 2: Distribution of masses of the two muon pairs in the sideband
region used for background estimation (left) and in the signal region
(right). Events selected in the data are represented by open circles. 8
(1) events are observed in the sideband (signal) region.
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PT > 10 GeV and |η| < 2.5, passing loose identiﬁcation
and isolation criteria, are rejected.
Note that the production rate of tt¯ pairs does not de-
pend on the presence or absence of a charged Higgs bo-
son signal. What changes in the presence of a signal
are the types of particles that are produced in the de-
cays of the top quarks (cf. Fig. 4). The handle to sepa-
rate the tt¯ → H+bW−b → cs¯b μνb signal from the SM
tt¯ → W+bW−b → qq¯′b μνb background is the mass of
the two non–b–tagged jets.
g
g
t
t
+H
-W
b
b
c
s
-μ
μν
t
g
g
t
t
+W
-
W
b
b
q'
q
-μ
μν
t
Figure 4: Production of top quark pairs with subsequent decay of the
top quarks to charged Higgs boson plus W boson, tt¯ → H+bW−b →
cs¯b μνb (signal, left), and to two W bosons, tt¯ → W+bW−b →
qq¯′b μνb (SM background, right).
A kinematic ﬁt [7] is used to improve the resolu-
tion on the di–jet mass, Mjj, in order to enhance the
signal–to–background separation. Inputs to the ﬁt are
the measured momenta of the muon, the b–tagged and
non–b–tagged jets and the reconstructed E/T, plus their
respective resolutions. The mass of muon plus E/T is
constrained to the W boson mass and the masses of one
b–tagged jet plus muon plus E/T (the other b–tagged jet
plus the two non–b–tagged jets) is constrained to the
top–quark mass. The solution yielding the lowest χ2 in
the ﬁt is used as criterion to decide which one of the
b–tagged jets to pair with muon plus E/T and to resolve
ambiguities in case an event contains more than four jets
or more than two jets passing the b–tagging criteria. The
distribution of Mjj reconstructed by the kinematic ﬁt in
signal and background events is shown in Fig. 5 (left).
No evidence for a signal is observed in the distribu-
tion of the di–jet mass (cf. Fig. 5 right). 95% CL up-
per limits on the branching fraction B(t → H+b) in the
range 2.0–6.0% are set for charged Higgs boson masses
of 90–160 GeV. The limit is shown in Fig. 6. It is com-
puted assuming that all charged Higgs bosons decay to
cs¯.
4. Search for neutral MSSM Higgs bosons
A search for neutral MSSM Higgs bosons, denoted
by Φ, is performed in the tau pair decay channel [8].
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Figure 5: Left: Distribution of Mj j expected for charged Higgs sig-
nal and SM tt¯ background events, reconstructed by the kinematic ﬁt.
Right: Di–jet mass distribution observed in data, compared to the ex-
pectation for background (solid histogram) respectively signal plus
background (dashed line) hypothesis.
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Figure 6: 95% CL upper limit on the branching ratio t → H+b. The
limit is computed assuming B(H+ → cs¯) = 100%.
The τhτh, eτh, μτh, eμ and μμ ﬁnal states are included
in the analysis, covering a branching fraction of 96.9%
of the tau pair 2. The analyzed dataset corresponds to
an integrated luminosity of 4.9 fb−1 recorded at
√
s =
7 TeV plus 19.7 fb−1 recorded at
√
s = 8 TeV center–
of–mass energy.
Selected events are analyzed in two event categories,
based on the presence respectively absence of a b–
tagged jet of PT > 20 GeV and |η| < 2.4 in the event.
The two event categories provide sensitivity to two
diﬀerent production mechanisms: gluon–gluon fusion
and b–associated production, illustrated in Fig. 7. The
gluon–gluon fusion (b–associated production) process
2We denote by τh the hadronic decay of a tau.
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is the dominant production mode for neutral MSSM
Higgs bosons in case tan β is small (large). The pres-
ence of a b–tagged jet also improves the signal–to–
background ratio, thereby improving the overall sensi-
tivity of the analysis.
Figure 7: Production of neutral MSSM Higgs bosons Φ via gluon–
gluon fusion (gg → Φ, left) and b–associated production (gg → Φb,
right). In the case of b–associated production one of the b–quarks is
typically outside the acceptance of the detector.
The presence of a signal is inferred by analyzing the
distribution of the tau pair mass, mττ. The mass is re-
constructed by a likelihood based algorithm, developed
by CMS [9], with a resolution of typically 20%.
The distributions of mττ observed in the b–tag and
no–b–tag category of the τhτh, eτh, μτh, eμ and μμ chan-
nels are shown in Fig. 8.
No evidence for a signal is observed in the CMS data.
Corresponding 95% CL upper limits on cross–section
times branching ratio are set, separately for each of the
two production processes gluon–gluon fusion and b–
associated production. The limits are shown in Fig. 9.
The limits are interpreted in the mmaxh scenario [10]
of the MSSM and exclude a large region in mA–tan β
parameter space, as shown in Fig. 9.
Limits for other MSSM benchmark scenarios pro-
posed in Ref. [11] have been computed after the con-
ference. The results are published in Ref. [12].
5. Summary
Searches for neutral and charged Higgs bosons in
the context of the MSSM and NMSSM have been pre-
sented. No evidence for a signal is observed in the CMS
data so far. Stringent upper limits on corresponding
cross–sections and branching–ratios have been set.
The searches for MSSM and NMSSM Higgs bosons
presented at the ICHEP 2014 conference are comple-
mented by earlier results of searches for supersymmet-
ric Higgs bosons performed by CMS: searches for sin-
gle light NMSSM Higgs bosons in the decay channel to
muons [13], searches for charged MSSM Higgs bosons
in decays to taus [14], and searches for neutral MSSM
Higgs bosons in decays to a pair of b–quarks [15] and
to muons [16].
References
[1] S. Chatrchyan, et al., Observation of a new boson at a mass of
125 GeV with the CMS experiment at the LHC, Phys.Lett. B716
30–61.
[2] G. Aad, et al., Observation of a new particle in the search for the
Standard Model Higgs boson with the ATLAS detector at the
LHC, Phys.Lett. B716 1–29.
[3] A. Arbey, M. Battaglia, A. Djouadi, F. Mahmoudi, J. Quevillon,
Implications of a 125 GeV Higgs for supersymmetric models,
Phys.Lett. B708 162–169.
[4] S. King, M. Muhlleitner, R. Nevzorov, NMSSM Higgs Bench-
marks Near 125 GeV, Nucl.Phys. B860 207–244.
[5] Search for a non–standard-model Higgs boson decaying to a pair
of new light bosons in four–muon ﬁnal states, CMS PAS HIG-
13-010, http://cds.cern.ch/record/1563546.
[6] Search for a light charged Higgs boson in the
H+ → cs¯ channel at CMS, CMS PAS HIG-13-035,
http://cds.cern.ch/record/1728343.
[7] S. Chatrchyan, et al., Measurement of the top-quark mass in tt¯
events with lepton+jets ﬁnal states in pp collisions at
√
s = 7
TeV, JHEP 1212 105.
[8] Search for MSSM Neutral Higgs Bosons Decaying to
Tau Pairs in pp Collisions, CMS PAS HIG-13-021,
http://cds.cern.ch/record/1623367.
[9] L. Bianchini, J. Conway, E. K. Friis, C. Veelken, Reconstruction
of the Higgs mass in H → ττ Events by Dynamical Likelihood
techniques, J.Phys.Conf.Ser. 513 022035.
[10] M. S. Carena, S. Heinemeyer, C. Wagner, G. Weiglein, Sugges-
tions for benchmark scenarios for MSSM Higgs boson searches
at hadron colliders, Eur.Phys.J. C26 601–607.
[11] M. Carena, S. Heinemeyer, O. Stl, C. Wagner, G. Weiglein,
MSSM Higgs Boson Searches at the LHC: Benchmark Scenar-
ios after the Discovery of a Higgs-like Particle, Eur.Phys.J. C73
2552.
[12] V. Khachatryan, et al., Search for neutral MSSM Higgs
bosons decaying to a pair of tau leptons in pp collision-
sarXiv:1408.3316.
[13] S. Chatrchyan, et al., Search for a light pseudoscalar Higgs bo-
son in the dimuon decay channel in pp collisions at
√
s = 7 TeV,
Phys.Rev.Lett. 109 121801.
[14] Updated search for a light charged Higgs boson in top quark
decays in pp collisions at
√
s = 7 TeV, CMS PAS HIG-12-052,
http://cds.cern.ch/record/1502246.
[15] S. Chatrchyan, et al., Search for a Higgs boson decaying into
a b–quark pair and produced in association with b quarks in
proton–proton collisions at 7 TeV, Phys.Lett. B722 207–232.
[16] Search for Neutral MSSM Higgs Bosons in the μ+μ− ﬁnal state
with the CMS experiment in pp Collisions at
√
s = 7 TeV, CMS
PAS HIG-12-011, http://cds.cern.ch/record/1453716.
C. Veelken / Nuclear and Particle Physics Proceedings 273–275 (2016) 753–757756
 [GeV]ττm
0 500 1000 1500
 [
1/
G
eV
]
ττ
d
N
/d
m
-210
-110
1
10
210
310
 at 8 TeV-1,  18.3 fbττ→CMS Preliminary,  H
hτhτ
No B-Tag
=8)β=160 GeV, tan
A
 (mmaxhm
ττ→φ
observed
ττ→Z
tt
electroweak
QCD
bkg. uncertainty
 [GeV]ττm
0 500 1000 1500
 [
1/
G
eV
]
ττ
d
N
/d
m
-410
-310
-210
-110
1
10
210
 at 8 TeV-1,  18.3 fbττ→CMS Preliminary,  H
hτhτ
B-Tag
=8)β=160 GeV, tan
A
 (mmaxhm
ττ→φ
observed
ττ→Z
tt
electroweak
QCD
bkg. uncertainty
 [GeV]ττm
0 500 1000 1500
 [
1/
G
eV
]
ττ
d
N
/d
m
-310
-210
-110
1
10
210
310
410
 at 8 TeV-1 at 7 TeV, 19.7 fb-1, 4.9 fbττ→CMS Preliminary,  H
hτe
No B-Tag
=8)β=160 GeV, tan
A
 (mmaxhm
ττ→φ
observed
ττ→Z
 ee→Z
electroweak
tt
QCD
bkg. uncertainty
 [GeV]ττm
0 500 1000 1500
 [
1/
G
eV
]
ττ
d
N
/d
m
-410
-310
-210
-110
1
10
210
 at 8 TeV-1 at 7 TeV, 19.7 fb-1, 4.9 fbττ→CMS Preliminary,  H
hτe
B-Tag
=8)β=160 GeV, tan
A
 (mmaxhm
ττ→φ
observed
ττ→Z
 ee→Z
electroweak
tt
QCD
bkg. uncertainty
 [GeV]ττm
0 500 1000 1500
 [
1/
G
eV
]
ττ
d
N
/d
m
-310
-210
-110
1
10
210
310
410
510
 at 8 TeV-1 at 7 TeV, 19.7 fb-1, 4.9 fbττ→CMS Preliminary,  H
h
τμ
No B-Tag
=8)β=160 GeV, tan
A
 (mmaxhm
ττ→φ
observed
ττ→Z
tt
electroweak
QCD
bkg. uncertainty
 [GeV]ττm
0 500 1000 1500
 [
1/
G
eV
]
ττ
d
N
/d
m
-410
-310
-210
-110
1
10
210
310
 at 8 TeV-1 at 7 TeV, 19.7 fb-1, 4.9 fbττ→CMS Preliminary,  H
h
τμ
B-Tag
=8)β=160 GeV, tan
A
 (mmaxhm
ττ→φ
observed
ττ→Z
tt
electroweak
QCD
bkg. uncertainty
 [GeV]ττm
0 500 1000 1500
 [
1/
G
eV
]
ττ
d
N
/d
m
-410
-310
-210
-110
1
10
210
310
410
 at 8 TeV-1 at 7 TeV, 19.7 fb-1, 4.9 fbττ→CMS Preliminary,  H
μe
No B-Tag
=8)β=160 GeV, tan
A
 (mmaxhm
ττ→φ
observed
ττ→Z
tt
electroweak
QCD
bkg. uncertainty
 [GeV]ττm
0 500 1000 1500
 [
1/
G
eV
]
ττ
d
N
/d
m
-310
-210
-110
1
10
210
 at 8 TeV-1 at 7 TeV, 19.7 fb-1, 4.9 fbττ→CMS Preliminary,  H
μe
B-Tag
=8)β=160 GeV, tan
A
 (mmaxhm
ττ→φ
observed
ττ→Z
tt
electroweak
QCD
bkg. uncertainty
 [GeV]ττm
0 500 1000 1500
 [
1/
G
eV
]
ττ
d
N
/d
m
-210
-110
1
10
210
310
410
510
610
 at 8 TeV-1 at 7 TeV, 19.7 fb-1, 4.9 fbττ→CMS Preliminary,  H
μμ
No B-Tag
=8)β=160 GeV, tan
A
 (mmaxhm
ττ→φ
observed
μμ→Z
ττ→Z
tt
QCD
electroweak
bkg. uncertainty
 [GeV]ττm
0 500 1000 1500
 [
1/
G
eV
]
ττ
d
N
/d
m
-410
-310
-210
-110
1
10
210
310
 at 8 TeV-1 at 7 TeV, 19.7 fb-1, 4.9 fbττ→CMS Preliminary,  H
μμ
B-Tag
=8)β=160 GeV, tan
A
 (mmaxhm
ττ→φ
observed
μμ→Z
ττ→Z
tt
QCD
electroweak
bkg. uncertainty
(a)
(b)
(c)
(d)
(e)
 [GeV]φm
100 200 300 400 1000
) 
[p
b]
ττ
B
R
(
×)φ
→
(g
g
σ
95
%
 C
L 
lim
it 
on
 
-310
-210
-110
1
10
210
310
 profiledφbb→gg
observed
SM H injected
expected
 expectedσ 1±
 expectedσ 2±
 at 8 TeV-1 at 7 TeV, 19.7 fb-1,  4.9 fbττ→CMS Preliminary,  H
 [GeV]φm
100 200 300 400 1000
) 
[p
b]
ττ
B
R
(
×)φ
bb
→
(g
g
σ
95
%
 C
L 
lim
it 
on
 
-310
-210
-110
1
10
210
310
 profiledφ→gg
observed
SM H injected
expected
 expectedσ 1±
 expectedσ 2±
 at 8 TeV-1 at 7 TeV, 19.7 fb-1,  4.9 fbττ→CMS Preliminary,  H
Figure 9: 95% CL upper limits on the production cross–section for
neutral MSSM Higgs bosons, σ(pp → Φ), times the branching ratio
for the decays into tau pairs, B(Φ→ ττ), for gluon–gluon fusion (top)
and b–associated production (bottom). Expected limits have been
computed for two cases: for the assumption that there is no Higgs
→ ττ signal (neither MSSM nor SM) present in the data (red line) and
assuming that there is no MSSM, but a SM Higgs of mass ≈ 125 GeV
present (blue line).
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Figure 10: Region in mA–tan β parameter space of the MSSM mmaxh
scenario, excluded at 95% CL by the search for neutral MSSM Higgs
bosons decaying to tau pairs. Expected limits have been computed for
two cases: for the assumption that there is no Higgs→ ττ signal (nei-
ther MSSM nor SM) present in the data (dark grey line) and assuming
that there is no MSSM, but a SM Higgs of mass ≈ 125 GeV present
(red line).Figure 8: Distribution of the tau pair mass, mττ, observed in the no–
b–tag (left) and b–tag (right) category of the search for neutral MSSM
Higgs bosons, in the τhτh (a), eτh (b), μτh (c), eμ (d) and μμ (e) ﬁnal
state, compared to the SM expectation.
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